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(57) Abstract: A method for vacuum d\e casting of an alu- 
minum alloy, comprising the steps of forming a cavity formed 
by fitting, to each other, a plurality of metal molds having 
first and second metal molds movable relative to each other 
in one direction and slide metal molds held between the first 
and second metal molds and movable relative to each other 
in a direction different from the one direction so that the en- 
tire or a part of the peripheral edge of the mating faces of the 
metal molds can be covered by a cover part through a space, 
depressurizing the inside of the cavity by starting evacuation 
according to the forward movement of a plunger tip al a low 
speed, depressurizing the space between the cover part and 
the metal molds to increase the degree of vacuum, and mov- 
ing the plunger lip at a high speed when molten metal reaches 
near the inlet of the cavity to feed the molten metal into the 
cavity at a high speed while controlling the flow of cooling 
water into the metal molds. 
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[Document Name] Specification 

[Title of the Invention] METHOD OF ALUMINUM ALLOY VACUUM DIE 
CASTING, CASTING MACHINE, AND ALUMINUM ALLOY PRODUCT 
[Field of the Invention] 

This Invention relates to a method of aluminum alloy vacuum die 
casting, a casting machine, and aluminum alloy castings such as 
cylinder blocks, pistons or the like for engines. 

[Background Art] 

A constitution of a cylinder block for engines has been 
conventionally employed In which wear resistance and strength or 
the like at high temperatures are Improved by fitting sleeves to 
the cylinder bore surfaces over which pistons slide, or by placing 
Nl plating on the bore surfaces . 

On the other hand. It may be considered to simplify the 
manufacturing process. Improve cooling performance, and reduce 
cost by the use of a direct sliding type of cylinder block In which 
the sliding surfaces are formed by machining a casting rather than 
using a sleeve or Nl plating. For a cylinder block of such a direct 
sliding type as a casting of a single material, hypereutectlc Al-Sl 
alloy Is In practical use. 

However, because the direct sliding type of cylinder block of 
the single material, the hypereutectlc Al-Sl alloy. In 
conventional art Is cast at low pressures, the casting process 
takes a long time, productivity Is low, and the product becomes 
disadvantageous in cost. 

Moreover, because the casting process at low pressures takes a 
long time, Fe content is reduced in the Al-Sl alloy for the low 
pressure casting to prevent large grain compound phase from 
developing at the time of cooling. While Fe has the effect of 
preventing adhesion to metallic dies, because the low pressure 
casting Is carried out while applying ceramic coating repeatedly, 
adhesion does not occur. However, if cylinder blocks are cast 
through the ordinary high speed die casting process using the Al-Sl 
alloy for the low pressure casting, insufficiency in Fe causes the 
problem of adhesion to arise. 

On the other hand, a content of Si in Al-Sl alloy for the ordinary 
high pressure die casting is generally low, resulting in poor 
wear-resistance. If casting is carried out in the low pressure 
casting process, sufficient wear resistance is obtained because 
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cooling rate is low and Si crystals grow sufficiently to have large 
grain sizes even if the Si content is low. However, if casting 
is carried out in a high pressure die casting process, necessary 
wear resistance cannot be obtained because Si crystals do not grow 
sufficiently due to the high cooling rate. 

Moreover, because the aluminum alloy itself must form the sliding 
surface in the bore of the direct sliding type of cylinder block, 
defects such as pores must be minimized. To eliminate defects such 
as pores, gases (for example, hydrogen and air, or carbon-based 
gas coming out of the die lubricant or the like during casting) 
must be removed. To this end, a process has been conventionally 
employed in which casting is carried out while degassing out of 
the cavity of the die using a vacuum pump, with the gap between 
mating surfaces of the dies (stationary and movable dies) mated 
together being sealed. However, when parts having very deep and 
narrow furrows such as the air-cooled fins of air-cooled cylinders 
are cast, sliding dies are used in such parts and gaps are present 
also at the sliding surfaces of the sliding dies in addition to 
the mating surfaces of the stationary and movable dies . As a result , 
sealing tightness lowers, sufficient degree of vacuum cannot be 
achieved, and gasses cannot be removed sufficiently even if the 
casting process is carried out along with such evacuation 
(depressurization) as described above. 

Much gas, if present in the castings, produces air holes and 
swellings called blisters during the heat treatment or welding, 
which makes it impossible to heat-treat or weld castings made by 
conventional high pressure die casting process. 

This invention has been made in view of the prior art described 
above. Therefore, it is an object of the invention to provide a 
method of alumintun alloy vacuum die casting, a casting machine, 
and aluminum alloy castings such as cylinder blocks, pistons or 
the like for engines, that make it possible to secure sufficient 
wear resistance and adhesion resistance by high pressure die 
casting at a low cost. 

[Disclosure of the Invention] 

To accomplish the above object, the invention provides a method 
of aluminum alloy vacuum die casting, comprising: a step of forming 
a cavity by joining together a plural number of dies, first and 
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second dies movable In one direction relative to each other eind 
a sliding die Interposed between the first and second dies movable 
relatively In another direction; a step of evacuating the Interior 
of the cavity, and a step of pouring molten metal of alumlniim alloy 
into the cavity, wherein the cavity forming step is accompanied 
by a step of surrounding the whole or part of the peripheries of 
the mating surfaces of the dies with cover portions through a space 
followed by gradually increasing the degree of vacuum by carrying 
out steps of evacuating the interior of the cavity and evacuating 
the interior of the space between the cover portions and the dies 
by starting evacuation along with low speed forward motion of a 
plunger tip, and pouring molten metal at a high speed into the cavity 
by moving the plunger tip at a high speed when molten metal reaches 
the vicinity of the cavity inlet, during which time the flow rate 
of water for cooling the dies is regulated. 

According to this constitution, because the mating surfaces of 
the dies are surrounded with the cover portions, it Is possible 
to evacuate the Interior of the cavity of the dies without applying 
sealing members to the mating surfaces of the dies . Even for dies 
of complicated shapes and sliding dies that are apt to be Insecure 
in sealing tightness at the mating surfaces and sliding surfaces, 
degree of vacuum in the die cavity can be sufficiently increased 
by evacuating in the state of the dies surrounded with the cover 
portions without applying sealing member to the dies themselves. 
Therefore, it is possible to degas securely to provide high quality 
die castings that are free from pores, permitting welding and heat 
treatment . 

Here, if a constitution is employed in which sealing members are 
provided at the mating surfaces where the cover portions on the 
movable and stationary sides are mated together, because the 
sealing members are provided in positions distant through the space 
from the dies of high temperatures, thermal effect from the dies 
is reduced, the sealing members are prevented from deteriorating, 
and high sealing tightness is maintained. Because both steps of 
evacuating the cavity and evacuating the space between the cover 
portions and dies are carried out, the cavity is evacuated through 
the gap between the cover portions and the dies in addition to the 
direct evacuation of the cavity. Evaporation gases of the die 
lubricant are also drawn out and removed. Therefore, gases in the 
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cavity are securely removed. This improves flow of molten metal 
to fill every corner in the cavity even for thin-walled products, 
so that die castings are produced in high quality, free from pores. 

A preferable example of constitution is characterized in that 
the step of forming the cavity is carried out in parallel with the 
step of surrounding the whole or part of the peripheries of the 
mating surfaces of the dies with cover portions through a space. 

According to this constitution, because the dies are surrounded 
with the cover portions at the same time the dies are mated together 
to form the cavity, casting cycle time does not increase due to 
an additional step of surrounding the dies with the cover portions. 

A preferable example of constitution is characterized in that 
the step of forming the cavity is followed by the step of surrounding 
the whole or part of the peripheries of the mating surfaces of the 
dies through a space. 

According to this constitution, because the step of surrounding 
with the cover portions is carried out after confirming tightening 
of the dies, reliability in space forming and sealing is improved. 

A preferable example of constitution is characterized in that 
the step of evacuating the interior of the cavity is carried out 
almost in parallel with the step of evacuating the space between 
the cover portions and the dies. 

According to this constitution, the cavity and the space between 
the cover portions and dies are evacuated approximately in parallel 
with each other. Therefore, casting cycle time does not increase 
due to an additional step of evacuating the space between the cover 
portions and dies . 

A preferable example of constitution is characterized in that 
the steps of evacuating the interior of the cavity and evacuating 
the space between the cover portions and the dies are carried out 
with a time lag in between. 

According to this constitution, the space and the cavity are 
evacuated with a time lag in between in consideration of 
complicatedness and evacuation passage resistance of the sliding 
dies, so that evacuation is applied to all the dies efficiently 
in orderly manner and gasses in the cavity are removed securely. 

A preferable example of constitution is characterized in that 
the step of evacuating the space between the cover portions and 
the dies is carried out before the step of evacuating the interior 
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of the cavity. 

According to this constitution, because the space Is evacuated 
before the cavity Is evacuated, the die lubricant In liquid state 
entering and adhering to the gaps between sliding surfaces or the 
like of the sliding dies and between die mating surfaces Is directly 
drawn out toward the space 33, rather than being drawn Into the 
cavity. Therefore, excess die lubricant Is prevented from flowing 
Into the cavity, mixing with molten metal, and causing defects such 
as pores . 

A preferable example of constitution is characterized In that 
the aluminum alloy contains Fe, and 18 to 22 wt% of Si. 

According to this constitution, because the aluminum alloy 
contains 18 to 22 wt % of Si, sufficient Si grains are obtained 
to Increase wear resistance even if castings are made in the high 
pressure die casting process In which the cooling rate is high. 
If the casting is made in the high pressure die casting process 
below 18 wt %, Si grains do not grow and sufficient wear resistance 
cannot be obtained. Above 22 wt % on the other hand, the castings 
become brittle, resulting in poor wear resistance. Moreover, such 
an appropriate amount of Si crystallizes on the surface during the 
casting process and prevents adhesion to the dies. 

A preferable example of constitution is characterized in that 
the aluminum alloy contains 0 . 4 to 1 . 5 wt % by weight of Fe . 

According to this constitution, because the aluminum alloy 
contains 6 . 4 to 1.5 % by weight of Fe, adhesion to the dies is 
prevented when the casting is made in the high pressure die casting 
process. In this case, the adhesion prevention effect is further 
enhanced in synergy with the adhesion prevention effect of Si. If 
the Fe content is below 0.4 wt %, adhesion cannot be prevented well 
enough. Above 1.5 wt %, intermetallic compound of Fe and Si grows 
in the metallic composition in the form of gross needle crystals, 
causing brlttleness and poor elongation property. 

A preferable example of constitution is characterized by further 
comprising a step of rapidly cooling the casting taken out of the 
dies. 

According to this constitution, as the die casting taken out of 
the dies is once cooled rapidly, compounds of metals such as Cu 
and Mg are evenly dispersed and the strength is uniform and 
stabilized across the casting. Incidentally, while the term rapid 
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cooling as used herein Is typically water quenching. It Is not 
limited to that but Includes any cooling method of actively cooling 
the casting, excluding natural cooling. 

A preferable excimple of constitution Is characterized In that 
an aluminum alloy product is manufactured by the process of 
aluminum alloy vacuum die casting according to the Invention. 

Manufacturing the aluminum alloy product by the process of 
aluminum alloy vacuum die casting according to the invention as 
described above provides a casting that is free from pores and of 
a high quality, and permits welding and heat treatment. 

A preferable example of constitution is characterized in that 
the aluminum alloy product is a cylinder block or piston of an 
engine . 

According to this example of application, it is possible to 
produce the cylinder block or piston free from pores in high quality, 
permitting welding and heat treatment, by the high pressure die 
casting process at a low cost. Incidentally, the cylinder block 
Is a cylinder part having cylinder bores and may be cast integrally 
with part of the crankcase and cylinder head. The piston is one 
for sliding within the bore. 

A preferable example of constitution is characterized in that 
the aluminum alloy product is a cylinder block with silicon 
crystals projecting out of the bore surface of the cylinder block. 

According to this constitution. Si crystal grains are raised to 
project in relief on the surface of the aluminum matrix of the 
cylinder bore made of aluminum alloy. As a result, the raised Si 
crystal grains form a sliding surface to be in contact with the 
piston while lubricant oil is spread on the aluminum matrix surface 
around the raised grains , so that a cylinder block is provided that 
is excellent in wear resistance in a stabilized manner. 

This invention further provides an aluminiim alloy vacuum die 
casting machine for forming a cavity by joining together a plural 
number of dies, first and second dies movable in one direction 
relative to each other and a sliding die interposed between the 
first and second dies movable relatively in another direction; 
evacuating the Interior of the cavity; and pouring molten metal 
of aluminum alloy into the cavity, wherein the first and second 
dies are respectively provided with integral cover portions 
constituted so that the cover portions are brought into contact 
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with each other through seal members when the cavity is formed and 
made to surround the whole or part of the peripheries of the mating 
surfaces of the dies through a space, a vacuum line is provided 
to connect a vacuum pump to the cavity and the space, evacuation 
is started along with the low speed forward motion of the plunger 
tip to evacuate the interior of the cavity and the space through 
the vacuum line, molten metal is supplied at a high speed to the 
interior of the cavity by moving the plunger tip at a high speed 
when the molten metal reaches the vicinity of the cavity, during 
which time the flow rate of water for cooling the dies is regulated. 

According to this constitution, because the mating surfaces of 
the dies are surrounded with the cover portions , it is possible 
to evacuate the interior of the cavity of the dies with the vacuum 
pump without applying sealing members to the mating surfaces of 
the dies. Even for dies of complicated shapes and sliding dies 
that are apt to be insecure in sealing tightness at the mating 
surfaces and sliding surfaces, degree of vacuum in the die cavity 
can be sufficiently increased by evacuating in the state of the 
dies surrounded with the cover portions without applying sealing 
member to the dies themselves. Therefore, it is possible to degas 
securely to provide high quality die castings that are free from 
pores, permitting welding and heat treatment. 

A preferable example of constitution is characterized in that 
the cover portions surround the whole peripheries of the mating 
surfaces of the dies through the space and are secured as separate 
members to the first and second dies. 

According to this constitution, because the cover portions are 
separate members, it is possible to embody the invention using 
existing dies . 

A preferable example of constitution is characterized in that 
the cover portions surround the whole peripheries of the mating 
surfaces of the dies through the space and are formed integrally 
with the first and second dies. 

According to this constitution, because the cover portions are 
integral with the dies, cover attaching parts are not required, 
reducing the number of parts and simplifying the constitution. 

A preferable example of constitution is characterized in that 
the cover portions are provided with attaching portions for 
attaching an actuator for driving at least part of the dies. 

7 



According to this constitution, it is possible to attach the 
actuator to the cover portion side to drive the dies, resulting 
in a simple constitution of the dies and increased degree of freedom 
in the layout . 

A preferable example of constitution is characterized in that 
securing portions for securing the cover portions to the dies are 
formed on the inside surfaces of the cover portions. 

According to this constitution, because the cover portions are 
secured to the dies using the inside surfaces of the cover portions , 
external shape of the cover portions becomes simple owing to the 
absence of bolts or the like projecting outside, resulting in a 
simple constitution of seals. 

A preferable example of constitution is characterized in that 
one end of the vacuum line is connected to a common vacuum pump, 
the other end is connected to the space, and the cavity is connected 
through the space to the vacuum pump. 

According to this constitution, it is possible to simplify the 
constitution by using a single set of vacuum pump and piping 
commonly for both the cavity and space , and to efficiently evacuate 
the interior of the cavity through the space. 

A preferable example of constitution is characterized in that 
the cavity is connected to the common vacuum pump not through the 
space . 

According to this constitution, it is possible to simplify the 
constitution using the common vacuum pump and evacuate the interior 
of the cavity efficiently and securely by evacuating the space and 
the cavity using different vacuum lines . 

A preferable example of constitution is characterized in that 
the cavity and the space are connected through different vacuum 
lines to different vacuum pumps. 

According to this constitution, it is possible to evacuate the 
cavity efficiently and securely by providing different vacuum 
lines to evacuate the space and the cavity with different vacuum 
lines and different vacuum pumps in consideration of the 
constitution and evacuation resistance or the like of the space. 

[Brief Description of Drawings] 

Fig. 1 is an explanatory diagram of a casting process flow 
according to the invention. 

8 



Fig. 2 Is a schematic diagram, showing a casting machine according 
to the Invention. 

Fig. 3 Is a time chart of the casting process using the casting 
machine shown In Fig. 2. 

Fig. 4 Is a schematic diagram, showing a casting machine as a 
second embodiment according to the Invention. 

Fig. 5 Is a schematic diagram of a third embodiment according 
to the Invention. 

Fig. 6 Is a schematic diagram of a fourth embodiment according 
to the invention. 

Fig. 7 is a schematic diagram of a fifth embodiment according 
to the invention. 

Fig. 8 is a schematic diagram of a movable die of a sixth 
embodiment according to the invention. 

Fig. 9 is a schematic dlagreun of a stationary die to be paired 
with the movable die shown in Fig. 8. 

Fig. 10 is a schematic diagram of a movable die of a seventh 
embodiment according to the Invention. 

Fig. 11 is a schematic diagram of a stationary die to be paired 
with the movable die shown in Fig. 10. 

Fig. 12 is explanatory views, illustrating the honing step in 
the casting process according to the Invention. 

Fig. 13 is a plan view, showing a cylinder block as another 
embodiment of the invention. 

[Best Mode for Embodying the Invention] 

Table 1 shows a composition of Al-Si alloy related to the 
invention. 
[Table 1] 



Si 


Fe 


Cu 


Mn 


Mg 


Zn 


19-21 


0.40-0.60 


2.0-3.0 


0.1 or 
less 


0.40-0.60 


0.1 or 
less 




Nl 


Sn 


Ca 


Na 


P 


Al 


0.1 or 

less 


0.1 or 

less 


0.01 or 
less 


0.01 or 
less 


Not less 
than 100 
ppm 


residue 



(in wt %) 
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The alumlniim alloy can be made by melting basic metal of secondary 
aliimlnum alloy ingot , or can be made from basic metal based on new 
Ingot using new aluminum metal. Cylinder blocks of engines are 
made using such an aluminum alloy through a die casting process 
described later. As for the Table, Si improves wear resistance 
of the sliding surfaces of cylinder bores and also improves 
adhesion resistance during the casting process. Fe is added to 
prevent adhesion of the casting to the dies. Cu and Mg improves 
strength of matrix through heat treatment. Mn, Zn, Ni, Sn, Ca, 
and Na are impurities inherently contained in the secondary 
aluminum. P is added to equalize grain size and dispersion of Si 
grains . 

Fig. 1 shows a die casting process using the aluminum alloy of 
Table 1. 

[Dissolving step SI] 

Basic metal of an aluminum alloy of specified alloy composition 
is melted in a melting furnace to make molten metal. The molten 
metal is overheated above a specified temperature to prevent 
unmelted Si from remaining in the molten metal. When the basic 
metal melts completely, the molten metal temperature is lowered 
below the specified temperature and held. In this dissolving 
process, about 100 ppm of P is added in the basic metal before or 
after melting. This meJces Si particles distributed equally in the 
alloy. 

[Casting Step S2] 

This step is carried out by high pressure die casting. The 
casting is carried out while evacuating dies set up within cover 
portions described later. Evacuation using the cover portions 
makes it possible even with dies having many sliding dies to 
increase the degree of vacuum in the dies by evacuating the entire 
dies without providing seals on the entire dies , to degas securely, 
and to prevent pores from being produced. 

[Heat Treatment Step S3] 

After being cast, the cylinder block is taken out of the dies 
and subjected to heat treatments of T5 , T6 , or T7 . In the treatment 
T5, the casting is quenched in water or the like immediately after 
it is taken out of the dies . After that , the casting is 
artificially aged at a specified temperature for a specified period 
of time to improve mechanical properties and to stabilize 
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dimensions , and cooled In the air. In the treatment T6 , the casting 
Is taken out of the dies, subjected to a solution treatment at a 
specified temperature for a specified period of time, water-cooled, 
artificially age- treated at a specified temperature for a 
specified period of time, and air-cooled. The treatment T7 Is an 
aging In excess In comparison with the treatment T6, which 
stabilizes dimensions but lowers In hardness than with T6. 
[Machining Step S4] 

Grinding, turning, or the like is applied to the surface for 
mating with the cylinder head, to the surface for mating with the 
crankcase, and to the Inside surfaces of the cylinder bores. 

[Honing Step S5] 

Honing is applied to the Inside surfaces of the cylinders. The 
honing is applied in three steps as described later: (1) rough 
honing, (2) medium finish honing, and (3) finish honing. 

Fig. 2 is a schematic diagram, showing a casting machine for use 
in the casting step S2 mentioned above. 

The die 1 is made up of a stationary die 2 and a movable die 3. 
The movable die 3 is made up of a base die 4 and a sliding die 5. 
The stationary die 2 constitutes one of the first and second dies 
referred to in Claims while the base die 4 constitutes the other. 
The sliding die 5 is divided into four at 90 degree intervals. Each 
division is provided with a cylinder 6 (only upper and lower ones 
are shown) and slides along the surface of the base die 4 (mating 
surface 30 between the base die 4 and the sliding die 5) as shown 
with the arrow A to form a cavity 7 of the cylinder block in the 
center for the casting. In the Claims, the cylinder 6 is referred 
to as the actuator for driving the sliding die. Symbols 7a and 
7b indicate bore forming portions, and 7c indicates an air cooling 
fin portion. The base die 4 is provided with a push pin 8 to push 
the casting out of the dies when the sliding dies 5 are opened for 
every casting shot. Reference numeral 31 indicates the mating 
surface between the stationary die 2 and the movable die 3. 

The stationary die 2 is provided with an injection sleeve 9. A 
plunger tip 11 attached to the fore-end of a rod 10 reciprocates 
within the injection sleeve 9. The injection sleeve 9 Is provided 
with a sprue 12. In the state of the plunger tip 11 in a home 
position (behind (on the right in the drawing) the sprue 12) , molten 
metal for one shot is poured through the sprue 12. A tip sensor 
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13 is provided before the sprue 12 to detect the plunger tip 11 
as it moves past the sprue 12. 

The die 1 is entirely surrounded with a cover portion 14. The 
cover portion 14 is made up of a stationary side cover portion 14a 
for surrounding the stationary die 2 and a movable side cover 
portion 14b for surrounding the movable die 3, with a seal member 
15 such as an O-ring interposed between their mating surfaces. 

Seal members 15 such as O-rings are provided in the gaps in 
positions where the cylinder 6, the push pin 8, and the injection 
sleeve 9 pass through the cover portion 14 to maintain the interior 
of the cover portion 14 air-tight. The movable side cover portion 
14b (or the stationary side cover portion 14a) of the cover portion 

14 is provided with a leak valve 16. 

The stationary die 2 is provided with an evacuation passage 17 
in communication with the cavity 7. The evacuation passage 17 may 
be provided on the movable die side. The evacuation passage 17 
is also provided with a bypass passage 17a having an on-of f valve 
18 for opening and closing the bypass passage 17a. The bypass 
passage 17a bypasses part of the evacuation passage 17 where the 
on-off valve 18 is provided to make communication between the 
evacuation passage 17 and the exterior of the die when the interior 
of the die is evacuated at the time of casting (in the state shown 
in the drawing). The on-off valve 18 is for example of a metal 
contact type. When molten metal fills up the cavity 7 and excess 
molten metal rises through the evacuation passage 17 and comes into 
contact with and pushes up the on-off valve 18, both the evacuation 
passage 17 and the bypass passage 18 are closed to prevent molten 
metal from gushing out of the die. In place of such a metal contact 
type valve, a valve may be used that is constituted to detect the 
position of the plunger tip 11 and close the evacuation passage 
17 through an actuator when injection of one shot of molten metal 
is finished. As a means for preventing molten metal from gushing 
out , a chill vent constitution may be used in which a long, slender, 
meandering passage in communication with the cavity is formed, so 
that molten metal overflowing from the cavity flows through the 
passage and solidifies on the way and is prevented from flowing 
outside the die. 

One or plural number of (two in this example) vacuum line or lines 
20 in communication with a vacuum tank 19 are connected to the cover 
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portion 14 (in this example, the stationary side cover portion 14a) 
The vacuum tank 19 is maintained at a specified vacuum with a vacuum 
pump 21. The vacuum pump 21 is controlled with a controller 22 
to start and stop the evacuation of the cavity based on timer signals 
of travel time, detection signals of travel position or the like, 
of the plunger tip 11. 

While the cover portion 14 surrounds the entire die 1, it may 
locally surround part of the periphery of the die 1, for example 
like a ring along the peripheries 30a and 31a of mating surfaces 
30 and 31. Or, the cover 14 may be shaped to surround the cylinders 
6 for actuating the sliding die 5 (as shown in Figs. 6 and 7). 

As described above, the casting process is carried out with the 
provision of the cover portion 14 surrounding the die 1 while 
evacuating the interior of the cavity 7 and the interior of the 
cover portion 14 . This makes it possible to evacuate from around 
the entire die without applying seals to the die itself, to increase 
the degree of vacuum, to securely evacuate gasses out of the die, 
even when many sliding dies are used, because evacuation is made 
also through the gaps at the mating surfaces 30 and 31. Because 
the seal members 15 between the mating surfaces of the stationary 
side cover portion 14a and the movable side cover portion 14b of 
the cover portion 14 are placed in positions distant from the die 
1 of high temperatures , thermal effect is smaller, the seal members 
are prevented from deteriorating, and their durability is 
improved . 

As shown in the drawing, a cooling water flow rate regulator unit 
60 controls cooling of the die 1 during the casting process and 
may be constituted for example to flow cooling water for a specified 
period of time using a timer to open a valve (not shown) according 
to the timing of high speed injection (t2 in Fig. 3) with the plunger 
tip 11. The specified period of time is for example the period 
from die parting to removal of the casting. At this time, cooling 
effect may be verified by monitoring the temperature of cooling 
water or die with a temperature sensor. Or, feedback control may 
be made using a temperature sensor. Insufficient cooling takes 
longer time for solidifying the whole and tends to produce pores 
as unsolidified portion is drawn toward solidified portion. 
Excess cooling, on the contrary, leads to rapid solidifying rate, 
less amount of Si crystallization, and poor wear resistance. 
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Fig, 3 is a time chart of the degree of vacuum In the die during 
the casting step 2 of Fig. 1 using the die 1 having the cover portion 
14 shown In Fig. 2. The horizontal axis represents time, while 
the vertical axis the degree of vacuum. 

First, the sliding die 5 of the die 1 shown in Fig. 2 is set in 
position to form a cavity 7, the movable die 3 is butt -mated with 
the stationary die 2, and the dies are tightened together. Here, 
the mating surfaces 32 of the stationary side cover portion 14a 
and the movable side cover portion 14b of the cover portion 14 are 
butt-mated with each other through the seal member 15, so that the 
interior of the cover portion 14 is sealed. In other words, the 
die tightening step of forming the cavity 7 by mating together the 
stationary die 2 and the movable die 3 is done simultaneously with 
the step of surrounding the die 1 with the cover portion 14 and 
sealing it. This shortens the cycle time of casting. 
Incidentally, it is also possible to form the cavity by tightening 
together the stationary die 2 and the movable die 3 and then surround 
the die 1 with the cover portion 14 and seal it. 

At time tO: The plunger tip 11 is in the home position (behind 
the sprue 12), the sprue 12 is in an open state, and the interior 
of the die 1 is at the atmospheric pressure through the sprue 12. 
Under this condition, one shot of molten aluminum alloy is poured 
through the sprue 12. When molten alloy is poured, the plunger 
tip 11 is moved forward at a low speed to push in the molten alloy 
present in the injection sleeve 9. 

At time tl: The tip sensor 13 (Fig. 2) detects the plunger tip 

11. Because the plunger tip 11 is located forward past the sprue 

12, the Interior of the cover portion 14 is completely sealed 
airtight. At this time, the vacuum pump 21 Is operated to evacuate 
the interior of the cover portion 14. 

By this evacuation, both the space 33 between the die 1 and the 
cover portion 14 and the Interior of the cavity 7 are evacuated 
simultaneously. Accordingly, evacuating step is done efficiently 
and the cycle time of casting is shortened. Incidentally, it is 
alternatively possible to make the evacuation path for the cavity 
7 separate from that for the space 33 between the die 1 and the 
cover portion 14 to evacuate with a time lag. 

In particular, if the space is evacuated before the interior of 
the cavity is evacuated, die lubricant in liquid state entering 

14 



and adhering to the gaps between sliding surfaces of the sliding 
dies and between mating surfaces of the die Is directly suctioned 
out without being drawn Into the cavity, so that excess die 
lubricant Is prevented from flowing Into and mixing with molten 
metal In the cavity and causing casting defects such as pores. 

The above processs of evacuating the cavity 7 In the die 1 
gradually Increases the degree of vacuum In the cavity. The 
plunger tip 11 continues to move forward at a low speed to force 
molten metal toward the cavity. Starting the evacuation after the 
plunger tip 11 moves past the sprue 12 prevents air from entering 
the die through the sprue 12. This makes it possible to prevent 
more securely pores from being produced, prevent molten metal 
surface from being locally cooled with air, and provide castings 
of uniform, stabilized quality. 

At time t2: When molten metal reaches the Inlet of the cavity, 
the speed of the plunger tip is switched from low to high to rapidly 
supply molten metal to the cavity. 

At time t3: The cavity Interior is completely filled with molten 
metal, ending the injection. At this time, molten metal pushes 
up the on-off valve 18 in the evacuation passage 17 (Fig. 2) to 
prevent molten metal from gushing out of the evacuation passage 
17. 

At time t4: The vacuum pump 21 is stopped to end the evacuation. 
At this time, the interior of the cover portion 14 remains 
depressurized . 

At time t5: The interior of the cover portion 14 is made open 
to the atmosphere by opening the leak valve 16. Along with the 
lapse of time, the interior of the cover portion 14 approaches the 
atmospheric pressure. 

At time t6: The Internal pressure of the cover portion 14 returns 
completely to the atmospheric pressure. At this time, the die Is 
opened and the casting Is taken out . Opening the cover portion 
14 together with the die after restoring the atmospheric pressure 
prevents the O-^ring fitted to the mating surface 32 of the cover 
portion 14 from coming off. 

Incidentally, Instead of tuning on and off the vacuum pump 21, 
it may be alternatively constituted that the vacuum pump Is left 
on, and evacuation timing is controlled by turning on and off a 
solenoid valve 61 provided on the vacuum line. 
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For example, the solenoid valve Is opened at the time (tl) when 
the tip sensor 13 detects the plunger tip 11 and closed at the time 
(t4) when a sensor (for example a rod sensor for detecting a rod 
position of the plunger tip) detects arrival of the plunger tip 

11 at the fore-end of its travel. The timing of opening and closing 
the solenoid valve may be made variable by making the positions 
of the tip sensor 13 and the rod sensor variable in forward and 
backward directions. 

Fig. 4 is a schematic diagram, showing a casting machine as a 
second embodiment according to the invention. The casting machine 
of this embodiment is different from the embodiment shown in Fig. 
2 described above in that the sprue 12 is provided with a lid 23. 
The lid 23 closes the sprue 12 through a sealing member (not shown) 
placed around the sprue 12. With this constitution, as the 
interior of the cover portion 14 is evacuated, the interior of the 
injection sleeve 9 is evacuated. Due to the negative pressure in 
the injection sleeve 9, the lid 23 is suctioned to seal the sprue 

12 firmly airtight. Therefore, it is possible to close the lid 
23 immediately after molten metal is poured through the sprue 12 
and start evacuation from that time point . 

A lid sensor 24 detects the sprue 12 being closed with the lid 
23 and sends the detection signal to the controller 22. The 
controller 22, upon receiving the detection signal of the lid 23, 
actuates the vacuum pump 21 to evacuate the interior of the cover 
portion 14. 

Providing such a lid 23 makes it possible to start evacuation 
without waiting for the plunger tip 11 moving past the sprue 12, 
to secure longer evacuation time and attain sufficient degree of 
vacuum even when the length of the injection sleeve 9 is short. 
Otherwise the embodiment is the same in constitution and functional 
effects as the embodiment shown in Fig. 2. 

Fig. 5 is a schematic diagram of a third embodiment according 
to the invention. 

This embodiment shows a die casting machine for casting a piston 
in place of the cylinder block described above. A cavity 34 for 
the piston is formed between the stationary die 2 and the movable 
die 3. A raised portion 36 for the hollow in the piston is formed 
on the stationary die 2 side. Upper and lower dies 5 are each formed 
with a raised portion 35 for a piston pin . Otherwise the embodiment 
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is the same in constitution and functional effects as the 
embodiment shown in Fig. 2. 

Fig. 6 is a schematic diagram of a fourth embodiment according 
to the invention. 

In this embodiment, the cover portion 14 is made integral with 
the die 1. The stationary side cover portion 14a is made integral 
with the stationary die 2. The movable side cover portion 14b is 
made integral with the base die 4 of the movable die 3. The 
stationary side cover portion 14a and the movable side cover 
portion 14b are sealed with the mating surfaces 32 through the seal 
member 15 to form the space 33 together with the die 1, In this 
embodiment, the cover portion 14 is formed to surround the 
cylinders 6 for driving the sliding dies 5. Otherwise this 
embodiment is the same in constitution and functional effects as 
the embodiment shown in Fig. 2. 

Fig. 7 is a schematic diagram of a fifth embodiment according 
to the invention. 

In this embodiment, the cover portion 14 is formed separate from 
the die 1, with the stationary side cover portion 14a attached to 
the stationary die 2 and with the movable side cover portion 14b 
to the base die 4 of the movable die 3, respectively through the 
seal members 15. The cover portion 14 is formed to surround the 
periphery 30a of the mating surface 30 of the base die 4 and the 
sliding die 5 and to surround the periphery 31a of the mating surface 
31 of the stationary die 2 and the movable die 3. The evacuation 
passage 17 is evacuated to the outside through a vacuum line 37 
that is isolated from the space 33 surrounded with the cover portion 
14. On the vacuum line 37 is provided, like the vacuum line 20, 
with a solenoid valve 62. It is possible to evacuate the space 
33 and the cavity 7 with a time lag by controlling the opening and 
closing times of the solenoid valve 62 on the vacuum line 37 and 
the solenoid valve 61 on the vacuum line 20, while leaving on the 
vacuum pump 21. 

The vacuum line 37 may be connected either to the vacuum line 
20 of the cover portion 14 to be evacuated with the same vacuum 
pump 21 or to a vacuum pump of a different line. The evacuation 
passage 17 may be made open to the space 33 of the cover portion 
14 like the embodiment shown in Fig. 6 to be evacuated through the 
same vacuum line 20. Otherwise the embodiment is the same in 
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constitution and functional effects as the embodiment shown in Fig. 
6. 

Fig. 8 is a schematic diagreun of a movable die of a die casting 
machine of a sixth embodiment according to the invention, with (A) 
a central, vertical sectional view and (B) a front view. 
Components corresponding to those in Fig. 2 and others are provided 
with the same symbols or reference numerals . 

The movable die 3 is made up of the base die 4 and four sliding 
dies 5 for sliding in directions at right angles each other. The 
sliding die 5 on the lower side is formed with a flow dividing 
projection 39 that fits into the injection sleeve 9 (Fig. 9) on 
the stationary die side to form flow passages for smoothing the 
flow of molten metal. The on-off valve 18 of the metal contact 
type is provided in the evacuation passage 17 . An actuator 38 made 
of a hydraulic cylinder is provided to return the on-of f valve 18 
to the original state. 

The movable die 3 is entirely surrounded with the movable side 
cover portion 14b. A depression 42 is formed in the inside wall 
of the base die 4. A bolt 43 is inserted from inside through the 
depression 42 to secure the movable side cover portion 14b to the 
base die 4. The bolt 43 is provided for example in each of four 
positions corresponding to the positions of the four sliding dies 
5 (only one is shown). Securing the movable side cover portion 
14b from inside as described above, without the bolt 43 protruding 
out, makes it possible to simplify or disuse the sealing 
constitution outside the cover portion and also simplify the 
external shape of the movable side cover portion 14b. 

In place of screw- attaching with the bolt 43 from inside, it is 
also possible to provide a stud bolt inside the cover portion, 
provide a corresponding hole through the base die 4, let the stud 
bolt pass the through hole, and secure by tightening a nut on the 
stud bolt. 

In place of the securing method of using the bolt 43 passed from 
inside outward, it is also possible as indicated with phantom lines 
to use a bolt 44 from outside the movable side cover 14b to secure 
it to the base die 4. 

Along the entire circumference of the mating surface 32 where 
the movable side cover 14b is mated with the stationary side cover 
portion 14a (Fig. 9), a continuous seal groove 40 is formed into 
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which the seal member 15 Is fitted* 

Also the movable side cover portion 14b opposite the flange 6a 
of the cylinder (actuator) 6 for driving the sliding die 5 Is sunk 
with a depression 41 Into which the seal member 15 Is fitted. 

Fig. 9 Is a schematic diagram of a stationary die to be paired 
with the movable die shown In Fig. 8, with (A) a front view and 
(B) a central sectional view. 

In the center of the stationary die 2 is provided a cylinder bore 
forming portion 7b below which is bored a through hole 45 into which 
is fitted the injection sleeve 9. The stationary die 2 is entirely 
surrounded with the stationary side cover portion 14a. The 
stationary side cover portion 14a, like the movable side cover 
portion 14b, is secured to the stationary die 2 with a bolt (not 
shown) Inserted from inside outward. 

The mating surface 32 of the stationairy side cover portion 14a 
opposite the mating surface 32 (Fig. 8) formed on the movable side 
cover portion 14b is planar to be contacted with the seal member 
15 (Fig. 8). As the mating surfaces 32 of the movable side and 
stationary side cover portions 14b and 14a are pressed against each 
other, the movable side and stationary side cover portions 14b and 
14a are united airtight through the seal member 15 to form the cover 
portion as a single member. 

Fig. 10 shows the constitution of a movable die of a seventh 
embodiment according to the Invention, with (A) a central sectional 
view and (B) a front view. 

The movable die 46 of this embodiment is made up of a base die 
47 and a sliding die 48 to form a cavity 49 for casting a cylinder 
of a water-cooled engine as an example. A movable side cover 
portion 50b is provided to surround part of the peripheries of the 
mating surfaces (sliding surface) 30 of the base die 47 and the 
sliding die 48. Like the example shown In Fig. 8, a seal groove 
(not shown) is formed on the mating surface 32 facing the stationary 
side cover portion 50a (Fig. 11) , and the seal member 15 Is fitted 
into the groove. The seal member 15 is provided continuously also 
on the mating surface 31 between the stationary die 52 (Fig. 11) 
and the movable die 46 to surround the cavity 49. 

The movable side cover portion 50b facing the flange 6a of the 
cylinder (actuator) 6 for driving the sliding die 48 is also sunk 
with a depression (not shown) into which the seal member 15 is fitted. 
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Likewise, as for the mating surface 51 between the movable side 
cover portion 50b and the base die 47 , the movable side cover portion 
50b Is sunk with a depression (not shown) Into which the seal member 
15 Is fitted. 

Fig. 11 Is a schematic diagram of a stationary die 52 to be paired 
with the movable die 46 shown in Fig. 10, with (A) a front view 
and (B) a central, sectional view. 

In the lower part of the stationary die 52 is formed a through 
hole 45 into which the injection sleeve 9 is to be fitted. The 
upper part of the stationary die 2 is surrounded with the stationary 
side cover portion 50a corresponding to the movable side cover 
portion 50b (Fig. 10). As for the stationary side cover portion 
50a, like the movable side cover portion 50b, its mating surface 
51 Is sunk with a depression (not shown) into which the seal member 
15 is fitted. The stationary side cover portion 50a is secured 
to the stationary die 52 through the seal member 15. 

The mating surface 32 of the stationary side cover portion 50a 
opposite the mating surface 32 (Fig. 10) formed on the movable side 
cover portion 50b is planar to be contacted with the seal member 
15 (Fig. 10). As the mating surfaces 32 of the movable side and 
stationary side cover portions 50b and 50a are pressed against each 
other, the movable side and stationary side cover portions 50b and 
50a are united airtight through the seal member 15 to form the cover 
portion as a single member. At the same time, the cavity 49 is 
also sealed. 

Fig, 12 illustrates the honing step S5 of the cylinder bore shown 
in Fig. 1. The honing is applied in three steps: (1) rough honing, 
(2) medium finish honing, and (3) finish honing . The rough honing 
(1) roughly forms the bore diameter and the circularity. By the 
rough honing, as shown in (A), the surfaces of Al matrix and Si 
grains dispersed in the matrix are ground with abrasive stones to 
make the surface rough. 

By the medium finish honing (2) , as shown In (B) , the bore surface 
is finished into a mirror state. 

By the finish honing (3), only the Al matrix is ground by a 
specified amount so that the Si grains are raised as shown In (C) . 
The finish honing (3) may be replaced by alkali etching in which 
the work is Immersed in aqueous solution of sodium hydroxide. 

Fig. 13 is a plan view of a cylinder block of a water-cooled 
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engine . 

In this example, the casting Is a cylinder block 25 of an open 
deck type having three cylinders. Inside round surface of each 
cylinder 26 Is a bore 27 around which Is formed a space for a water 
Jacket 28. Recesses for fitting square bar-shaped reinforcements 
29 of Al alloy are provided In the water jacket 28 near the mating 
surface facing the cylinder head. The reinforcements pieces 29 
are fitted and welded to the recesses after the casting is finished. 
Because the die casting process according to the invention is 
carried out under high degree of vacuum, amount of gases contained 
in the casting is very small, which makes it possible to weld the 
reinforcements pieces 29 to the casting. 

Heat treatment (T5, T6, or T7) is applied after the welding 
process, followed by machining and honing like the above 
description. Incidentally, the shape, number, and positioning of 
the reinforcements pieces 29 welded are not limited to that of the 
above example but may be appropriately chosen. Welding the 
reinforcements pieces 29 in this way Improves rigidity of each 
cylinder of the open deck type in which the cylinders are made to 
stand on their bottoms like cantilevers. 

[Industrial Applicability] 

According to the Invention as described above, because the mating 
surface of the die is surrounded with the cover portion, it is 
possible to evacuate the interior of the cavity in the die without 
applying a seal member to the mating surface itself of the die. 
Even with a die constitution in which sealing tightness is apt to 
become insecure at the mating surface of the die of complicated 
shape and at the sliding surfaces of sliding die or the like, it 
is possible to sufficiently increase the degree of vacuum in the 
cavity in the die by evacuation while applying a seal not to the 
die Itself but to the cover portion surrounding the die. Therefore, 
it is possible to prevent pores from being produced by securely 
eliminating gases and to provide die castings that are of high 
quality and permit welding and heat treatment. 

Here, if a constitution is employed in which sealing members are 
provided at the mating surfaces where the cover portions on the 
movable and stationary sides are mated together, because the 
sealing members are provided in positions distant through the space 
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from the dies of high temperatures, thermal effect from the dies 
Is reduced, the sealing members are prevented from deteriorating, 
and a high sealing tightness Is maintained. Because both steps 
of evacuating the cavity and the space between the cover portions 
and dies are carried out , the cavity Is evacuated through the gaps 
between the cover portions and the dies In addition to the direct 
evacuation of the cavity. Evaporation gases of the die lubricant 
are also drawn out and removed. Therefore, gases In the cavity 
are securely removed. This Improves flow of molten metal to fill 
every corner In the cavity even for thin-walled products, so that 
die castings are produced in high quality, free from pores. 

Because the dies are surrounded with the cover portions 
simultaneously with mating together the dies to form the cavity, 
casting cycle time does not Increase due to an additional step of 
surrounding the dies with the cover portions. 

When the step of forming the cavity is followed by the step of 
surrounding the whole or part of the peripheries of the mating 
surfaces of the dies through a space, the step of surrounding with 
the cover portions Is carried out after confirming tightening of 
the dies. As a result, reliability in space forming and sealing 
tightness Is Improved. 

Carrying out the step of evacuating the Interior of the cavity 
almost In parallel with the step of evacuating the space between 
the cover portion and the die does not increase the casting cycle 
time owing to the absence of an additional step of evacuating the 
space between the cover portion and the die. 

Carrying out the step of evacuating the interior of the cavity 
and the step of evacuating the space between the cover portion and 
the die with a time lag in between makes it possible to evacuate 
from around the entire die and evacuate gases In the cavity securely 
In orderly manner In consideration of complicated shape of the 
sliding die, evacuation passage resistance, etc. 

The 18 to 22 wt % of SI content in the aluminum alloy provides 
sufficient Si crystals to Increase wear resistance even with 
castings made by high pressure die casting process In which the 
cooling rate Is high. With high pressure die casting below 18 wt % , 
Si crystals do not grow and wear resistance is Insufficient . Above 
22 wt %, the casting becomes brittle and wear resistance is low. 
Such appropriate SI crystallizes on the surface during the casting 
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process to prevent adhesion to the die. 

Because the aluminum alloy contains 0.4 to 1.5 wt % by weight 
of Fe, adhesion to the dies Is prevented when the casting Is made 
by the high pressure die casting process. In this case, the 
adhesion prevention effect of Fe Is further enhanced In synergy 
with the adhesion prevention effect of SI. If the Fe content Is 
below 0.4 wt %, adhesion cannot be prevented well enough. Above 
1.5 wt % , electronic compound of Fe and SI grows in the metallic 
composition in the form of gross needle crystals, causing 
brittleness and poor elongation property. 

As the die casting taken out of the dies is once cooled rapidly, 
compounds of metals such as Cu and Mg are evenly dispersed and the 
strength is uniform and stabilized across the casting. 
Incidentally, while the term rapid cooling as used herein is 
typically water quenching, it is not limited to that but Includes 
any cooling method of actively cooling the casting, excluding 
natural cooling. 

Manufacture of aluminum alloy products by the process of the 
Invention provides high quality castings free from pores, 
permitting welding and heat treatment. 

When the aluminum alloy product is a cylinder block or piston, 
it is possible to cast the product free from pores in high quality, 
permitting welding and heat treatment, by the high pressure die 
casting process at a low cost. Incidentally, the cylinder block 
is a cylinder part having cylinder bores and may be cast integrally 
with part of the crankcase and cylinder head. The piston is one 
for sliding within the bore. 

When the aluminum alloy product is a cylinder block of an engine 
with silicon crystals projecting out of the bore surface of the 
cylinder block, the raised Si crystal grains form a sliding surface 
to be in contact with the piston while lubricant oil is spread on 
the aluminum matrix surface around the raised grains, so that a 
cylinder block is provided that is excellent in wear resistance 
in a stabilized manner. 

With the aluminum alloy vacuum die casting machine according to 
the invention, because the mating surfaces of the dies are 
surrounded with the cover portions, it is possible to evacuate the 
interior of the cavity of the dies with the vacuum pump without 
applying seal members to the mating surfaces of the dies. Even 
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for dies of complicated shapes and sliding dies that are apt to 
be Insecure In sealing tightness at the mating surfaces and sliding 
surfaces, degree of vacuum In the die cavity can be sufficiently 
increased by evacuating in the state of the dies surrounded with 
the cover portions without applying seal members to the dies 
themselves . Therefore, it is possible to degas securely to provide 
high quality die castings that are free from pores, can be welded 
and heat-treated. 

With a constitution in which the cover portions surround the whole 
peripheries of the mating surfaces of the dies through the space 
and are secured as separate members to the first and second dies, 
it is possible to embody the invention using existing dies. 

With a constitution in which the cover portions surround the whole 
peripheries of the mating surfaces of the dies through the space 
and are formed Integrally with the first and second dies, cover 
attaching parts are unnecessary to reduce the number of parts and 
simplify the constitution. 

Because the cover portions are provided with attaching portions 
for attaching an actuator for moving at least part of the dies, 
it is possible to attach the actuator on the cover portion side 
to move the dies, simplify the constitution of the dies, and 
Increase the degree of freedom in layout. 

With a constitution in which securing portions for securing the 
cover portions to the dies are formed on the Inside surfaces of 
the cover portions, because the cover portions are secured to the 
dies using the inside surfaces of the cover portions, external 
shape of the cover portions becomes simple owing to the absence 
of bolts or the like projecting outside, and the constitution of 
seals becomes simple. 

With a constitution in which one end of the vacuum line is 
connected to a common vacuum pump, the other end is connected to 
the space, and the cavity is connected through the space to the 
vacuum pump, it is possible to simplify the constitution by using 
a single set of vacuum pump and piping commonly for both the cavity 
and space, and to efficiently evacuate the interior of the cavity 
through the space. 

With a constitution in which the cavity is connected to the common 
vacuum pump not through the space, it is possible to simplify the 
constitution using the common vacuum pump and evacuate the interior 
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of the cavity efficiently and securely by evacuating the space and 
the cavity using different vacuum lines . 

With a constitution in which the cavity and the space are 
connected through different vacuum lines to different vacuum pumps, 
it is possible to evacuate the cavity efficiently and securely by 
providing different vacuum lines to evacuate the space and the 
cavity with different vacuum lines and different vacuum pumps in 
consideration of the constitution and evacuation resistance and 
others of the space. 
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[Claims] 

[Claim 1] A method of alumlniim alloy vacuum die casting, 
comprising: a step of forming a cavity by joining together a plural 
number of dies, first and second dies movable In one direction 
relative to each other and a sliding die Interposed between the 
first and second dies movable relatively in another direction; a 
step of evacuating the interior of the cavity, and a step of pouring 
molten metal of aluminum alloy into the cavity, wherein the cavity 
forming step is accompanied by a step of surrounding the whole or 
part of the peripheries of the mating surfaces of the dies with 
cover portions through a space followed by gradually increasing 
the degree of vacuum by carrying out steps of evacuating the 
interior of the cavity and evacuating the interior of the space 
between the cover portions and the dies by starting evacuation 
along with low speed forward motion of a plunger tip, and pouring 
molten metal at a high speed into the cavity by moving the plunger 
tip at a high speed when molten metal reaches the vicinity of the 
cavity inlet, during which time the flow rate of water for cooling 
the dies Is regulated. 

[Claim 2] The method of aluminum alloy vacuum die casting 
according to Claim 1, wherein the step of forming the cavity is 
carried out in parallel with the step of surrounding the whole or 
part of the peripheries of the mating surfaces of the dies with 
cover portions through a space. 

[Claim 3] The method of aluminum alloy vacuum die casting 
according to Claim 1, wherein the step of surrounding the whole 
or part of the peripheries of the mating surfaces of the dies through 
a space is carried out after the step of forming the cavity. 

[Claim 4] The method of aluminum alloy vacuum die casting 
according to Claim 2 or 3, wherein the step of evacuating the 
interior of the cavity is carried out almost In parallel with the 
step of evacuating the space between the cover portions and the 
dies. 

[Claim 5] The method of aluminum alloy vacuum die casting 
according to Claim 2 or 3, wherein the steps of evacuating the 
Interior of the cavity and evacuating the space between the cover 
portions and the dies are carried out with a time lag in between. 

[Claim 6] The method of aluminum alloy vacuum die casting 
according to Claim 5, wherein the step of evacuating the space 
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between the cover portions and the dies Is carried out before the 
step of evacuating the interior of the cavity. 

[Claim 7] The method of aluminum alloy vacuum die casting 
according to one of Claims 1 to 6, wherein the aluminum alloy 
contains Fe, and 18 to 22 wt % of Si. 

[Claim 81 The method of altiminum alloy vacuum die casting 
according to Claim 7, wherein the aluminum alloy contains 0.4 to 
1 . 5 wt % of Fe . 

[Claim 9] The method of aluminum alloy vacuum die casting 
according to Claim 7 or 8 , further comprising a step of rapidly 
cooling the casting taken out of the dies . 

[Claim 10] An aluminum alloy product manufactured by the method 
of aluminum alloy vacuum die casting according to one of Claims 
7 to 9. 

[Claim 11] The aluminum alloy product according to Claim 10, 
wherein the aluminum alloy product is a cylinder bloclc or piston 
of an engine. 

[Claim 12] The aluminum alloy product according to Claim 10, 
wherein the aluminum alloy product is a cylinder blocJc with silicon 
crystals projecting out of the bore surface of the cylinder bloclc. 

[Claim 13] An aluminum alloy vacuum die casting machine for 
forming a cavity by joining together a plural number of dies, first 
and second dies movable in one direction relative to each other 
and a sliding die interposed between the first and second dies 
movable relatively in another direction; evacuating the interior 
of the cavity; pouring molten metal of aluminum alloy into the 
cavity, wherein the first and second dies are respectively provided 
with integral cover portions constituted so that the cover portions 
are brought into contact with each other through a seal member when 
the cavity is formed, and made to surround the whole or part of 
the peripheries of the mating surfaces of the dies through a space, 
a vacuum line is provided to connect a vacuum pump to the cavity 
and the space, evacuation is started along with the low speed 
forward motion of the plunger tip to evacuate the interior of the 
cavity and the space through the vacuum line, molten metal is 
supplied at a high speed to the interior of the cavity by moving 
the plunger tip at a high speed when the molten metal reaches the 
vicinity of the cavity, during which time the flow rate of water 
for cooling the dies is regulated. 
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[Claim 14] The aluminum alloy vacuum die casting machine 
according to Claim 13, wherein the cover portions surround the 
whole peripheries of the mating surfaces of the dies through the 
space and are secured as separate members to the first and second 
dies . 

[Claim 15] The aluminum alloy vacuum die casting machine 
according to Claim 13, wherein the cover portions surround the 
whole peripheries of the mating surfaces of the dies through the 
space and are formed integrally with the first and second dies, 

[Claim 16] The aluminum alloy vacuum die casting machine 
according to one of Claims 13 to 15, wherein the cover portions 
are provided with attaching portions for attaching an actuator for 
driving at least part of the dies. 

[Claim 17] The aluminum alloy vacuum die casting machine 
according to Claim 14, wherein securing portions for securing the 
cover portions to the dies are formed on the inside surfaces of 
the cover portions . 

[Claim 18] The aluminum alloy vacuum die casting machine 
according to one of Claims 13 to 17, wherein one end of the vacuum 
line is connected to a common vacuum pump , the other end is connected 
to the space, and the cavity is connected through the space to the 
vacuum pump. 

[Claim 19] The aluminum alloy vacuum die casting machine 
according to one of Claims 13 to 17, wherein the cavity is connected 
to the common vacuum pump not through the space. 

[Claim 20] The aluminum alloy vacuum die casting machine 
according to one of Claims 13 to 17, wherein the cavity and the 
space are connected through different vacuum lines to different 
vacuum pumps . 
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[Abstract ] 

To provide a method of aluminum alloy vacuum die casting, a 
casting machine, and aluminum alloy castings such as cylinder 
blocks, pistons or the like for engines, that make it possible 
to secure sufficient wear resistance and adhesion resistance 
by high pressure die casting at a low cost. 

A method of aluminum alloy vacuum die casting, comprising: 
a step of forming a cavity 7 by joining together a plural number 
of dies, first and second dies 2 and 4 movable in one direction 
relative to each other and a sliding die 5 interposed between 
the first and second dies 2 and 4 movable relatively in another 
direction; a step of evacuating the interior of the cavity 7, 
and a step of pouring molten metal of aluminum alloy into the 
cavity 7, wherein the cavity 7 forming step is accompanied by 
a step of surrounding the whole or part of the peripheries 30a 
and 31a of the mating surfaces of the dies 2,4,5 with a cover 
portion 14 through a space followed by gradually increasing the 
degree of vacuum by carrying out steps of evacuating the interior 
of the cavity 7 and evacuating the interior of the space between 
the cover portion 14 and the dies 2, 4, 5 by starting evacuation 
along with low speed forward motion of a plunger tip 11, and 
pouring molten metal at a high speed into the cavity 7 by moving 
the plunger tip 11 at a high speed when molten metal reaches 
the vicinity of the cavity 7 inlet , during which time the flow 
rate of water for cooling the dies 2, 4, 7 is regulated. 



